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Mangroves are one of the most biologically important and productive ecosystems 
in the world. Heavy metals are known to pose a potential threat to terrestrial and aquatic 
biota. However, little is known on the toxic levels of heavy metals found in mangrove 
plants in India. To understand heavy metal toxicity, we analyzed heavy metals 
accumulation in sediment samples collected from surrounding root zone and in the leaves 
and stem of sixteen different plant species in the Bhitarkanika mangrove forest reserve in 
Odisha, India. Bhitarkanika mangrove ecosystem receives heavy metal pollution from 
upstream areas of Brahmani and Baitarani estuary. Few studies were carried about the 
capacity of mangrove plants to take up and store heavy metals in them. Hence, current 
investigation was carried out to analyze trace metal accumulation in sediment and plant 
parts such as stems and leaves of different mangrove plants by Atomic Absorption 
Spectroscopy (Shimadzu, AA- 6300). The heavy metal concentration in sediment was 
found to be in the range of 5.99 to 92.00 µg/gm. Metals concentration in sediment samples 
during the study was in the order of accumulation : Zn>Cu>Pb. The accumulation of 
heavy metal was higher in stem as compared to leaf. 
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A mangrove may refer to individual 
trees or shrubs found in warmer tropical or 
subtropical latitudes or the ecosystem itself. 
Mangroves grow in intertidal or estuarine 
areas, most commonly in Africa, Australia, 
Asia and North and South America. Asia 
harbors the largest area of mangroves in the 
world while India contributes nearly 3% of 
the global mangrove habitat (FAO, 2003). 
India is one among the 25 hotspots of the 
richest and highly endangered eco-regions 
of the world (Myers et al., 2000; 
Agoramoorthy and Hsu, 2002a, 2005a). 
India’s diverse plant species are mainly 
found in various types of forest such as 
tropical, sub-tropical, temperate, sub-
alpine, alpine, dry open, open, evergreen, 
deciduous, littoral and mangrove that 
occupy 20% of the total geographical area 
(Negi, 1993). Mangrove trees are unique as 
they have developed structures to adapt to 
high and variable salinity conditions in 
brackish waters and waterlogged and 
anaerobic soil conditions, both of which are 
caused by environmental factors in 
mangroves. With increasing urbanization 
and industrialization, coastal areas of all 
tropical littoral countries in Asia, especially 
India have been subjected to considerable 
environmental stress due to domestic 
sewage, industrial effluents, heavy metals 
and other toxic waste (Agoramoorthy and 
Hsu, 2005b; Hsu et al., 2006). However, 
scientific data on the toxic levels of heavy 
metals found in mangroves are limited in 
India, which is experiencing economic 
boom and industrial outburst in recent 
decades. One of the major sources of heavy 
metal pollution is the mining and smelting 
of metalliferous ores (Li and Thornton, 
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2001). Besides the contamination from the 
weathering and leaching processes of mine 
tailings, untreated mine drainage also 
contributes large amounts of heavy metals 
to nearby streams and rivers. Heavy metals 
released into aquatic systems are generally 
bound to particulate matter, which 
eventually settle down and become 
incorporated into sediments. Many studies 
have been carried out on various plants to 
determine its heavy metal accumulation 
capability in different aquatic and forest 
environments and vegetable crops (Nirmal 
Kumar et al., 2006, 2007, 2009; Silva et al., 
2006; Yu et al., 2007). There are several 
studies on heavy metal contamination in 
mangrove sediments and their effects on 
organisms but little is known about heavy 
metals uptake by mangrove plants (Seng et 
al., 1987; Ismail and Asmah, 1992). 
Therefore, an attempt was made to get first-
hand information, hitherto not available, on 
heavy metal levels in plants that grow in 
the Bhitarkanika mangrove ecosystem, 
Odisha, India.  
 
Materials and Methods 
Description of Sampling Site 
Mangroves of Bhitarakanika, located at 
Kendrapada district of Orissa, lies in the 
estuarine region of rivers Brahmani and 
Baitarani. The whole of the mangrove 
forests, and part of the rivers/ streams 
providing shelter to the endangered salt-
water crocodile, fall within the 
Bhitarakanika National Park. It lies within 
86046’ to 86052’ East longitude and 20030’ to 
20048’ North Latitude (Figure 1). The 
samples were collected from five different 
locations viz. Kantaikhai (BKS-1), 
Khola(BKS-2,3),  Mahisamunda (BKS-4) and 
Dangamala(BKS-5) arbitrarily during the 
year 2012-13 and sealed in sterile polythene 
bags. 
 
Sample collection, preparation and 
analysis 
The sediment samples surrounding the root 
systems of different mangrove species were 
collected using vertical corer, transferred to 
clean polyethylene bags and shade-dried to 
constant weight. Sediments were ground 
and sieved through mesh (size of 0.5mm) 
before digestion. Matured leaves (2nd and 
3rd from the top of the branch) and stem of 
sixteen different mangrove plant species 
were collected.The plant parts viz. stems 
and leaves samples were washed 
thoroughly, shade-dried, homogenised and 
grounded to a fine powder. Samples then 
stored in plastic vials with labels and kept 
in desiccators. The samples of sediment and 
plant-parts were examined for detection for 
various heavy metals. Accurately 1 g of dry 
powder of each sample was weighed, and 
digested with con. HNO3, H2SO4 and H2O2 
(2:6:6) as prescribed by Saison et al. (2004). 
Towards the end of the digestion, the flasks 
were brought to near dryness. The solutions 
were made to 20 ml each in measuring 
cylinder with double distilled water and 
examined for heavy metals by Inductive 
Coupled Plasma Analyser (ICPA) (Perkin-
Elmer ICP Optima 3300 RL, U.S.A) at CSIR-
IMMT. Mean values of triplicate of each 
sample of the sediment and plant samples 
were calculated and considered. 
Figure 1- Map showing different sampling 
location   
 
Results 
The concentration of heavy metal analyzed 
for sixteen mangrove species were found to 
be significantly different depending upon 
the metal and plant species (Table 1). The 
accumulation of metals in plant parts was 
much lesser as compared to the sediment 
samples. The heavy metals concentration in 
sediment sample was in the range of 5.99 to 
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Table 1. Metallic composition of sediment and plant samples of Bhitarkanika 
mangrove ecosystem (nd*- not detected) 
 
Conclusions 
This study has shown that 
mangrove plants possesses the capacity to 
uptake selected heavy metals via roots and 
storing those in its stems and leaves 
without any sign of injury. With age, its 
capability of accumulating heavy metals is 
also increasing. From the study, it can be 
concluded that few species like Avicennia 
alba, Ceriops decandra, Xylocarpos granatum, 
Rhizophora mucronata have greater potential 
and capacity to uptake and sustain in the 
ecosystem (Figure 2). Hence plantation of 
such mangrove species in the polluted 
coastal areas should be carried out in order 
to combat the pollution stress and for 
conservation of mangrove ecosystem. 
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